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Abstract of JP9105965 

PROBLEM TO BE SOLVED: To provide a glass 
for an optical amplifier and an optical fiber which 
does not contain alkali metals or alkaline earth 
metals. 

SOLUTION: This optical device is an active 
optical element in a form of a planer optical 
waveguide structural body or an optical fiber. 
This active optical element has a thin and long 
active glass core 40 which contains oxygen, 
nonmetal element such as silicon and 
germanium, and erbium at least a part of which is 
Er<3+> ion state. The active core contains 
nonmetal element by 50-90mol%. In the active 
core, the density of erbium is at least 0,5x 
10<20> atoms per 1cm<3> . The laser oscillation 
level of erbium has at least about 5ms emission 
life. 
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1 

0) Sr*U. 

{^7-A-/^7:^'SSk^T (4 0) i:. SiJIB^i/WK'i^Att, 
•r-f :/:itf7;^Sl3T»t6 3 3 nm«^S^S^c:*5^^r, -tw 
b) s&lET:J'x-<7':«f7;^li!=>r (4 0) <r>'}ffs.<h.\> 
(5 0. 2 0) «nB;«f9;^^'9s' Kao^«W*B:^ 

d) jj<>'7°tt^Srt(iffir^7^-<y;*f9;^$ii='rrttc^'& 
(4 0) tS5IES« (10) 

jtTffiUj^^i/ (2 0) tfrier^'T^w'T'ar?:- 
gi5afflL*ro±gBtciag$*vfc±au^'7 5' KS (5 0) 

f) HJlEr^v^^-T/^J^^^^K^r (4 0) li, '>/i< 

it>2o(?55cJg*»b/j5tfiEfig^^5cm*-&^, MIElFiE 
^^TcSRo 1 oft, Wm»^<r> I I I BJR, I VBS, 
I I I AS;!)^ib/f -5^JR*»ejjiei$tt, ^<oajiin/n^ 

y =v(7)ii^tfcsp«i^/j:< 1 1 0. o 0 s-c^^/nf 
of6*lia*«s il'* < i: t> 0 . 5X1 ovi^=f-/ c m3 

m i: -f S t«*Jl 1 cox 
[S«*3S3l flWBr^'7'^'y;!f7;^14='r (4 0) 

3l/Wf>>A05iffe*l-«S;d5/J;.7i< t t> 1 . 4 X 1 020 40 

/cm3 -efe5ri:S:il*®i:-r-5ii!*:^lcD7'^NV:^, 
[?l!*«4l gnBr^7'-<':?':»9;^t4='T (4 0) 

iJ^T^m^r (4 0) :^fli:i-— :t-e. t5^7'^'x^:/;y 



li9*«6l S(l?E^IEfi£5>7E^coio(i7>':5'>-e, 

>'i'%;b»^ 4 0 */u%<o«sfflrt-e*>s b ^m^t^^tk 

tiS*«7l tltiaT^'7^7';y7;^fJ='Trt<D«2<D 

[i»^:«8] tfrfE®2<iEjE^^^5c5!l«T>'W5-e. tiTlB 
ri'-r-('7':;?/7:^$4=irrtlciKl5* ;u% 4 0 ^ yu% 

(3 0) 4r$^{c-&^. 

Htrfa/<-;/i^:/;!/7;=^SS='T (3 0) ft-i-ifcWroa;*: 
m^T (3 0) (cj^-g-U. MIE^^s'->7';(/9::^58='T 

(3 0) t)^ib^m-ti>m^^m^mti::^^izy^v. 

m^^<ry'>:fi^7:^m='r (3 0) Jc:tt3i/Hi'>>-6>;iS# 

It-tir-f, ^<OH^^I*Ti>x^'7'='r (3 0) (OJB^s^ 
J:!9t./hS<. fcf£L±{l!l^'7 3' Ke (5 0) i:Tfli|:J' 

T^KS (2 0) (om^mx*)\±^^<. 

m^Ti^7'H:^if7:^m=T (4 0) tt, iJASPi^ira 

x-/^-«SB^J (6 0) **L. 

=g.^_^<_^g5^ (6 0) tt. ■f'^gPirSffiSiJircoraiiffl^ 

[fil*JSi il B(rfEii:3S:*-(6i«. s«<o±^®tcii:^ 

[i«^«i2l MIE^-«-;''>>^;y7;^S!i='r (3 0) 
y >'3£il^:£^7;^ (phosphosilicate glass) 

±{|||^'7s'Kg (5 0) y >'3SKii;!f7^S:#^, 
TfiJ^- 9 s' KS (2 0) !KUCJ: •) Jg)«$nfc-i6{k 

'>y 3>;Sr-^tfri:Sr^®i:-r-5fi*^9rox/<'1'^. 

< 1 1> 1 o03t^7 -f - K/^s/ ^H^ir^tf r i: 
-r-68S*« 1 Ot'-'W 

m-t^i.o'>ft< tfclo©^^— hv^y^^Hlg^-^tf 
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[0 0 0 il 
[0 0 0 21 

5, 119. 4 6 o-i"Sr#fiac^>:i^, r<?Di»ffi^, mm 

[0 0 0 31 T/v-j^; y:&Sfe5V^tir/W;«7 y±^jaj:i, 

(Omk.\^)^ — y^-<J^if^:^ (soda-lime glass) <0^ 

9 0 0X:J!^il±O?i.ft(C^UT(^. lf^5w^;55 

[0 0 0 41 Tf\y'fy^)±^Wk'^^iS^:^^^ S«±{C?|?40 
-^^aV (out-diffusion) tmt>f\.^. Cixri^StK 

«3§<*<^^^' ^ - > Sr^^-r 5 CD V > ^ n -5 ^MJ^TO 
J:t;?ryw;^y ±^Sii, v^y ^^^^^^co^^ (^ttlsiK) 
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[0 0 0 51 

[5!M?55««:Li:5 t-r^KSl l^tzt^^X^^mcOB 
t^tt. r/W:^y^JS*>SVMiT/w*y±^JRSr-&*/jiV> 

[000 61 

d^e> 9 0^y^%(?5^5H^?5*&JR7C«Sr-&^LTV^^„ 
[0 0 0 71 ^lfieiltC:^*VNTt'±. Z<D^^m5nm\^->V 

/i-;^7 y ^«fe5v>w:r/w:?(7 y ±^mxnfj:\^^miEum: 

y =i>-SSl 0;6^b 5 0^>'U%o:i(D<giE«'J|£|-S:-^t?co 
[0 0 0 81 :L(r>mm^Vr\t. ^J^?fe< <h t 2 0(0^^>^ 

5>i^^> y ;^7rt-eE r 3+>f r^Vto^iKttSrl^i-r 5 J: 5 * 

mcm(r>m\^. mm^<D 1 1 i bjs, i vbs. i i 
1^. La03 xh^o m2(7)^^n, ^y:^m^i:^^ 

m<omit^. WxLliA 1 2O3, G a O3 Z<DXo^J: 

mm^mn-r^Ammim(Dmx$>^o 2oo^ja75sa 

t Lxm^^tii2l^fJ:b^J:^\ 
[0 0 0 91 $ h{:i:^^m<D'r^<^ i&m^m(0^ 

-^y^r^Xa, ^/^t'^^AOj^^fiftJi. 1 cm3 ^ 

it^ci^/j:< tho. 5 X 1 o2oj[g^-e^^„ ^/utfi>A 



5 

ai^. ^^ct< <b t 0. 5 X 1 O20/cm3 i:/jr-5J; 

10 0 121 ^hiz^tz^ ^>^>i^m±m^m 

•?Ii5V>M* (09;tli 1 0 o ot:i^±) (Cjl»x.'5:i<h;i5-e 

tZ^:v^t>cDt^fe^9. :iOJ:5^.er/U:;^7 y^jilS:-&:t-f 
^WilsFt^i^ ^>y ='>'*iffiK±tc?f^^$ti7tm. 9 0 or 

[00 131 



»BH¥9- 1 O 5 9 6 5 
6 

[0 0 141 Ell tC*5V>T*:555q<^— y n 

>s«i 0 trt^^^^y =i>affii o±(c?i$fig$tt^cTfiy 
i^'^5'KS2 0^, z.(r>TmP9yVm2o±{cM^^ 

^^tlfzr^'r^y^r 4 0 Z(Dy<yiyy::iT 3 0 

tr^v^^yziT 4 0 trm^ 7 yvm 2 0 <o±i^zm& 

^titz±m^'7^yh*m5 0tt^(t>fji^o *55M<^ffiacO|| 
^feWI^Ct3V^T«. y<yiyy^T3 Ot^JSi\)J^ti^tlX\^^ 

So 

(0 0 1 51 (S10;5^P>|qt75^/jjJ: 2oC0=ir3 0 

i:Jiffl|^^:y K«50<JrtcJ:«9'affl$*xTl/N-5, Tiffl:^^ 
^ y Vm 2 Ot±m^ ^ y KJi 5 OCDm^m^. li^^-fL 
t>^LV^i^^.lHi/j^V^o Tm^9iyh*m2 0 t± 

m^^yh*m5 0(Dmmm\^. T^^^':f=iT4o<Dm 
i^mx^ h^b^<m^^z'^tz^<yiyy'z:ir3 ocomvrm 

tn, ^<yi^':/^T 3 0 tT^'r^zf^T 40fy\Z^i^^ 
{—t^^{Z^<yiy'y^T3 O hT ^ ':/^T 4 

t^oX. ^xtfTi77^^>^:nr4 Ort^»75^tL5^^*f 

r(o^<yi^y':nr3 0Tbm^-t^m^^Ticxoxm^ 

[0 0 161 *f*b<J±r^7^^:/=ir4 0 t^<yi^y 
=17-3 011. (i^^J:< thlo(Om^&^\cmLXa. > 
>^/U^^m&KtLXmmir^. ;5KLTm^i!clt 

^(DmMmiC^\f^xn. n^y-^-f^T 40t^<y 
v-T/^r 3 0«:m-§'StS^3K>'7'ft:S(DM*'tC*fLT 
-^/U^^- K»KK^ LTftHBr-S Z <h fc^tB-efe 

[0 0 171 T^v-^-f^T 4 0(OWSx^\^^<y^^-:/^ 
T3 0(DfflW^J:t) ^>»^>:fe^V^;j^ *03Sft|lTi5^7^ 
^^=^r4 Ort<^3tfi**±tC-r5yhi6-C*>5p 
tf. Ti^^T^^' >^=ir4 O <b>'N'5'v^^=iT3 0(^JaW^ 
Jl. -^tt^m. 50<5:l. 45-e&:5o roD^5*JS 
Sf^^fcj:i9ri5^x^:/:nr4 o^^tmSL^fx^^wmSL 
II. ^^•'y^>>^='r3 0rt^#St$ixSiKJ:^ 

ifca(C*5V^TIl. r^7^-f >^=2T4 0S:>'^5^i/'>^3r 3 

y-^y'^T4oi:m 1 tc;^-rp 

[00181 T«[|^ ^ i/ KJi 2 0 II. > y =1 >'S« 1 O 
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«10J^. R^ma^i^]) =i:yi7:r,y^'r^h^o TM^^ m^-A^h^WJ^^JE^^5zmn. I I IB 

5^ KJ12 Od:. «lx.(iH I POXa. Hl*>^ftl<^*'fttc a, IVBJH. I I I A»(D^mv$>9 . ZcoXo ^J:^ 

v\ ^coS[*Ji3fe^M*attt^ii:$;d5ai</^^i:5S*-r [0 0 2 31 :i(Oct 5>i«iEfig;5^7Ci*|-±. Er3+(OBiiR 

(phosphosilicate glass) Xh^o Z<D:^^ :^(D V ^—^Uif^^f^Ml^^^^^o 

^:^mtm9rm (Tm^^ryh^m2 0t±m^'7^yh^m [00241 Z(O^0^J:mjE&^ycm(O<i^fJ:<thl^ 

KiB2 o±{c*6a^?tL5o r(^>'^5'->:/=xr 3 0(^ rfflVN-So 

m^nms mnx. ^<iy->y^T 3 ocomi^ms punx [0 0 2 51 ±iicmm\.tci^jE^^7cmn. 

[00201 r^7^-<:/='r4 ori. =^/\^}f^J^i:^m y /i^J>^m^(om. »>^\^^iit^<o^^mmit, «s 

^ j>^(Di^nmm^. <>^s:<thmo. 5x10201^^/ [0026I ;5KL-r. mx.\^. 

{0 0 2 1\ :^^m<0%^m'^(OT^'r^^^TA 0 30 5^/V%ti^Cj 3 0^/U%(Oy ^^^^^^^ Z 

5 0^/U%ti^h9 0^/i^%<om<O^^m7cm (C^y (?5ri^^'r-<:/=ir4 0«:. ^ft5^/\^%7b^^3 0^/\^% 

^?iI(c:^3V^T^^. roj^p/^^I^^STC^J^v-y ^^tS-^-So CCDtf2 0«jEfig5>5c5Rli:. T/x^^ibmi^ 

Kf<hli:-r5) r^-r-f ^=ir4 0(?:):^^>^(c#iDS [0 0 2 7l z<omi(omJE^^yum(om9in. iK^TU 

ti6o ::or^7">r:/=^r4 01^. ^i^/.^< <t t 2«®cd hm2(DmiE^^7cm(Dmm^mm-r^h(DX\'±fj:\^\ 

[0 0 2 21 :z<Oi^jE^^7tm^^r^y'^':/^T4O^^0 Z.<D/^:^^hh^mjE^^yT:m (La) 

■C«^/j:«HgSrll^Ti-^o 0ax:tf. ^*:Eri<;^^7n^(7) l o >^rtOE r3V:^>-0^iStffic*f-r'5JK»(^S/&;6^e>3g 

*>5v^^t•e<oS:frW:. ;^7;^t^<o^/wer>A7cm<oS?i» *^L. 9J<^«iEfifc^>7c* (A 1 ) ;6S:j5f^;^(Oi»ttfc*j'L 

7C*«:. (concentration-quenching effe ^^ICftSI-tt^^^liCOJBJFf^, HJl-T ^^iM^^?5^JiS. ^ 

^jrV>:^'&{C|l, E ^3+(0^5[t^#^f:^i5i8a■C^i5msJW »^LV^ 

T(-«iP'$'^TL* 5 (fip-^. 3i/i.if^>A*ri^y n^-to [o 0 2 81 ri5'7^>f :/3r4 osritaf-r^ft^w**- 
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—tf^^ztvh^o $e>tcife^^p<-i^ (my t-T^A 

100 2 9] r^y'^zr::iT40(Dm^nmi. 5 sim 
-efc^o -tori^r-^ :/3r 4 0:65 1. 0 MmWToi? 10 

I 0 0 3 0 1 "7 y Vm 5 0 2ff n y ^B^liia 

(boro-phosphosilicate glass) ;5*^{£EECVD 

o(om^\t.mb nmt^h^o 20 

[0 0 3 11 »:fw±IEtor.b<?l^fiKU/c*5IM<^3t^ii 
3t^ft-^<!:. 1. 5 5 /imi:«9 tMv>&:g(^7K>':/J5r#t 

J:9fc, r^-r^ >^3ir4 ort-CE r 3+ 

ttfl8(c^fT*-^So -tLXr^O^ffif^, K^iafieov-- 

m(o\^'rtit^ I -o^(n%^mm\c ^ o xm^-r^ h(Dx 

fi^h(O^^Wik^HhWk (nonradiative decay) J: t) PJ]* 

U:rc755oT. 7K>>^ijctt(i. 980nm. 810 
nm, 6 6 0nm, 5 14nm. 1. 4 8 m mCDS^S(?5 

[0 0 3 21 =^^^^^J^^:t:y(OW}^t. 

r^x^ >^i:ir4 0{C7^-/^-$B6 o*?l?^-r^w<ktc 
J:^itJ*-e#^o ffli*>rcoT;^'7=-^:/=ir4 or±. 20 

[0 0 3 31 Z.(OnMm\^n\i^XVt^ 7"--'^•-^f|5 6 Oli 50 
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-<^=^^4 0;5^e>^N'.y>-:?'=3T3 O kc^^^-T ^^C^^ 
XVt. T^^^zf:=iT 4 0 t^<y->>^=iT 3 oniS^'tk 

^ts. mmt^MoiB:<(ov'--y<-'xn. ioo*n (sp 

'hyu<Dm (*>5V^i^ai$) CO 1 O OfBFcOg^ctCJloT^ 
A.^cA.^Oti/^^Ci:) co«/>it*(D4i^ii«»rSSW<b 
?ieo -^07^-yN--®«S(DS5e«:«5jimm-efc^»o 
[00341 4 (c*5!M<?53t^^iti|rlSg(Offlia&:7'n 

OA^^irm^:^tl^o ^Tyy^BlC^l^^Xl^. y<y->y 

=ir 3 0 fc*rjc£:i-sjg;55Tfla^ ^ kji 2 0 <D±n^m 

s'i^:/nr3 0(Oigo/>*< <hfc-SRS:iS^«{t:-r'5o 
>^Dtc4oV^T^^. -'^'.y^i^^r/^ir 3 0^OJl§:al-,^>^/t- 
[0 0 3 51 ;:^v^y>^E^C*5V^T. ^ (O J: 9 (-?f^^ $ H 

§tb/ciifldij*5p}.gji^-^^fci^{c^>?s/^x'><=i7'3 o^mm 

f-LT?f^^$ttfcl7-^lf— j:^SrT^-yw (Stm^ SO 

o*c-e2^ra) f So w(or^-/u-r5B«)«^. *a§ 

tt/b:7^/i/A^«it<*o^co^co^{t:, :)t^4ftt, ^h:^ 
[0 0 3 61 :^'ryzfH{C^\f^X. T^'r^'/^T 40 

CO® (o-as^in :y ^ >^ >/-ei^^t-'5 w ^ J: t) r 

y >'>/;65iff^LV\ ^(OMSIi. :io:7"pr-fe;^ti 
o\^'^hMz,V—^}d—:ys^T^—fV\^X^ :^7-yy'H 

[0 0 3 71 fcfcv>T. ::cO!7->^ t--;:^:^: 

i^ra. ^J^^j:< t*^9 0 ot:(^)ia*T?r:=^-/ui-5o 

r(^S65co^ciC)cos&^l^, «F3E^i^-<yKD*fiS-e9 9. 
9 9 9%co*fi*-Cfc5o wO::^7"5^:?^(cj:!9f35lfe^S:S 

[0 0 3 81 ^::^>'3>i: LT::^y^y>^KJi, ±m^ "y 
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!; >'^fe5v>i^^^(c^i:)?f^^$:ti^-g&{i:>'y =I>- 
[0 0 3 91 ^y'f'>^:^'ry':futm±^ ^yi-^^i 

3 0 *^tp J: 5 <^ aa^^v N-*|-<D =2 r tm^^^ S J: 5 tc 

2, 3{c^i-<t 5 (cr^ 7" >rp^^r 4 Oil, -ecott:^[6j 
-T?{l^N-5/^^^=ir3 0J:!P t®<?f^^^neo rtitcj: 
T:J^x^y=3r 4 0;5S•€:^0±^c?i^^$tlrv^/^V^— 
S*(^«§|5St!iM=ir»i>7 0;flS?|^j«§tt-5o 7^-^<-«FP 

6 0 7550 2 (c^-r J: 0 \^mj^\^m\^xi^^^f\.^ t . 

0 J: t) t>*i?5S»V^ U;d^L. 7"-^<-S|5;dSH 3 (c^^- J: 
[0 0 4 01 T^7">f 3^=ir4 oofts«j>i««irffi 

h 7553 X 1 0-7torr(^JEE;^]^T^OSE^^F*3 

[0 0 4 11 *tt^?ti;;^cr^x^ >^nr4 o<^«f'±, 

/c^< t>2o(;)^^iE^5>5clg*-&;^. ^tttc J: ^/wtr 

t>0-efe5o iE;^ll 8mTorr;6^ep 5 OmTorr-C, U 
<«i2 7mTorr-efc5o T/H^ >^^K^(^)SK4it(l, 1 
O : Xt^hO, 3 : 1 (Offl-e. *f*L<{10. 5 : 1 

h-e. i^y =i>'r^^x>(DS«jmM;5Sl 0. 2cm 
■Cfcojto ^:LTi5^— £«;d^e»2. 5-7. so 



(7) «HT9- 1 0 5 9 6 5 

12 

6cm. *f^U<ll7. 6 cmHtLTiEBL^o 
[004 21 IF^S 
l^-</WcDjftM#^«. ii^ife < t fc 5 m s 255$f i tV\ r 

[0 0 4 31 iSfctC, ±fB(^rt <«^Ufc*^e^Oy^-/< 

oTl»*Sttyto n<?5J:5**fttl. «5KS«-e<i3^*i-e 
[0 0 4 41 ^'J(^;^fe<^ UT. «&a!Lfc^&{Cj:t}?f^^ 

cO;?f ^ ^ :7 r ^ tc?i^^f 5 n jl<i^^ 
[0 0 4 51 ±l2(ogiP>qil, :^^m(r>—mMm'ri^^ ^ 

(D%^-7 ^ - hVN* 5^ ^ «r«a;^^:bii:5 r <h J: ^ 

^7-S>6V>|:3:^«kS!:7^7i/y >'U'i5^^;d5*>S, 
rt^J: p/^^g(l, ia2^#fiaLT:frf6itt^:7^^fc;5V> 

ixij^i^s 5<D-^rfe^v^^i^^;^^^ ^-fc^vMi>^^i/ 

[0 0 4 61 

jfP<D»$«:o. %iimX. tp*:Sf|5«:*5l 1 . S^m) Sr>^ 
^^:yi$' y V-r^^^iSStCj: »9 1 O. 2 c m(^[i:S<^ v- y 
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